We present the case of a 57-year-old woman with severe aortic regurgitation and ventricular dysfunction (ejection fraction 34%) requiring surgical intervention. In pre-operative period, no left ventricular (LV) asynchrony was detected by QRS duration and current echocardiographic techniques, including tissue Doppler imaging. A new echocardiographic technology, the timing of regional volumetric changes by three-dimensional echocardiography (3DEcho), demonstrated an intraventricular mechanical asynchrony. Indeed, during surgery, epicardial leads were attached to the right atrium and the right ventricle as part of the standard management. Two additional epicardial leads were attached to the left ventricle on the most delayed wall localized precisely by 3DEcho on the inferolateral wall. In post-operative period, biventricular (BiV) pacing showed improvement in the LV mechanical synchronization, resulting in improvement in the LV systolic function compared with right ventricular pacing or no pacing. This case shows the potential utility of 3DEcho in prediction of favourable response of the BiV pacing in patients with depressed LV systolic function ongoing cardiac surgery.
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Case report
A 57-year-old woman was referred to our institution for aortic valve replacement. She had a history of severe and symptomatic aortic valve regurgitation with depressed left ventricular (LV) function [ejection fraction (EF) ¼ 34%]. The preoperative transthoracic echocardiography did not showed atrio-ventricular or intra-LV asynchrony with current echocardiographic techniques, including tissue Doppler imaging (TDI, Figure 1B ). An opposing wall delay between the antero-septal to posterior wall or septal to lateral wall was ,65 ms ( Figure 1B) . On the electrocardiogram (EKG), QRS duration was ,120 ms (QRS duration ¼ 90 ms, Figure 1A ). Three-dimensional echocardiography (3DEcho) was applied to assess intraventricular mechanical synchrony. We calculated the degree of dispersion by measuring the standard deviation of the time to achieve minimum systolic volume (Tmsv) for each of the 17 segments described by the American Society of Echocardiography and then corrected that for the R-R interval (systolic dyssynchrony index, SDI). Time to minimum systolic volume is significantly delayed in the septal segment and on the parametric image (indicated in red colour) (SDI ¼ 11.24%) ( Figure 1C and D) . For a visual summary of LV regional contraction timings, segments with a Tmsv about global Tmsv are coded in green and early segments are coded in blue, whereas late segments are coded in red ('bulls eye' Figure 1D ). During surgery, epicardial leads were positioned on the right atrium and the right ventricle as part of the standard management. Because of depressed EF, two additional epicardial leads were positioned in this patient on the left ventricle. According to 3DEcho, these lead were attached on infero-lateral wall, in the opposite of late segments. At post-operative period, the haemodynamically stable patient was stimulated with an external constant-current dual-chamber demand pacemaker (Medtronic 5388, Medtronic Inc, Minneapolis, MN, USA). Biventricular (BiV) pacing was achieved by connecting ventricular leads to ventricular port of the pacemaker (BiV simultaneous pacing). The atrio ventricular (AV) delay was fixed at 150 ms. During the echocardiographic study, intravenous drug infusions were not changed and no additional medications were started. Following cardiac resynchronization therapy (CRT) with BiV, most segments achieved a minimum volume at the same time in the cardiac cycle and the parametric image displays a more homogeneous green colour ( Figure 2B ) in contrast with right ventricular (RV) pacing alone ( Figure 2D ) and no pacing ( Figure 1D ). RV pacing was associated with a delayed lateral wall motion and worsening of cardiac synchronization. Moreover, BiV was associated with a significant increase of LVEF and RV pacing with a decrease of LVEF (51% for BiV, 32% for RV pacing, and 36% for no pacing, respectively) measured by 3DEcho compared with sinus rhythm. Same evolution was found with cardiac output determined by echocardiography Doppler and by the automated thermodilution method (8l per minute for BiV, 5.2l per minute for RV pacing, and 5.9l per minute for no pacing).
Discussion
In this case, new modality of echocardiography with threedimensional analysis identifies BiV pacing responder alone after cardiac surgery. Epicardial pacing is commonly indicated in cardiac surgical patients using right ventricular (RV) and/or right atrial (RA) pacing leads. In patients in sinus rhythm (SR), two RA and two RV epicardial wires are attached, resulting in dual-chamber or sequential atrioventricular pacing (DDD). Some studies are consistent with a deleterious effect of RV stimulation in the chronic phase with patient with depressed EF. 1,2 Minimal data exist regarding BiV pacing in surgical patients. 3 In these studies, patients were selected on the basis of an LVEF and wide QRS on the surface EKG. The peculiarity of this case is ventricular asynchrony undetected by normal QRS duration and usual echocardiographic techniques such as TDI currently considered the 'gold standard'. Some studies in patients with heart failure have demonstrated that QRS duration is a poor indicator of mechanical dyssynchrony. 4 Additionally, the use of TDI-based measurements of LV asynchrony do not appear to be a robust predictor of clinical response to CRT. 5 An initial study by Kapetenakis et al. 6 demonstrated promising results when real-time 3DEcho was applied in a small group of patients undergoing CRT. In this study, the value of 3DEcho for prediction of response to CRT and the assessment of LV volumes was evaluated in a group of patients with an arbitrary cut-off value defined as an SDI . 3 SD above the mean for a group of normal subjects (8.3%). Recently, Marsan et al. 7 found an SDI of 5.6% as the optimal cut-off value with a sensibility of 88% and a specificity of 86% to predict an acute response to BiV pacing. 7 In our case, 3DEcho was the only mean to detect intraventricular asynchrony, with a direct access to spatio-temporal synchrony with an SDI of .11%. The interest of this evaluation was supported by the heamodynamic improvement associated with correction of this asynchrony. A heamodynamic improvement can be interesting in this high-risk patient with low EF. But, prospective studies are necessary to determine whether all cardiac surgery patients with cardiac dysfunction must have BiV pacing in the post-operative period.
In conclusion, a new method for the measurement of LV synchronicity by 3DEcho using regional volumetric changes can identify responders of BiV pacing, guided the site of LV leads. It can be used to quantify CRT effect on global LV function in patients with ventricular dysfunction in the postoperative cardiac surgery period.
